Introduction
============

Calcium fructoborate (CFB) is a natural plant mineral borate complex produced by a patented process first described by Miljkovic (US Patent \#5,962,049).[@b1-cia-9-895] The chemical structure and identity of CFB have been previously described.[@b1-cia-9-895] Of all the boron and borate supplements available, CFB has shown the most potential to improve several health conditions.[@b1-cia-9-895],[@b3-cia-9-895] For example, CFB has been identified as a potential anti-inflammatory agent.[@b4-cia-9-895]--[@b6-cia-9-895] Also, earlier clinical studies have shown that C-reactive protein (CRP), a blood marker secreted by the liver in response to inflammation or infection,[@b7-cia-9-895] can be reduced with CFB supplementation in subjects with angina pectoris[@b8-cia-9-895],[@b9-cia-9-895] and cardiovascular conditions.[@b10-cia-9-895] Most recently, published clinical research has suggested that CFB has the ability to improve symptoms associated with inflammatory conditions, such as joint discomfort and osteoarthritis.[@b2-cia-9-895],[@b6-cia-9-895]

Joint discomfort is a common complaint, typically associated with limited joint function, decreased feelings of energy, and decreased quality of life.[@b11-cia-9-895] There are numerous causes of joint discomfort, including osteoarthritis, trauma, rheumatoid arthritis, and gout.[@b12-cia-9-895] Current medical treatments aim at decreasing discomfort and increasing mobility. They generally include nonsteroidal anti-inflammatory drugs (NSAIDs) to control discomfort and inflammation. Unfortunately, chronic use of these medications can lead to significant adverse effects, including gastrointestinal bleeding and loss of kidney function.[@b13-cia-9-895] In a previous pilot clinical trial, we evaluated the effect of CFB in a small group of subjects with symptoms of osteoarthritis.[@b2-cia-9-895] Participants in that study had been previously diagnosed with osteoarthritis and reported a statistically significant reduction of Western Ontario and McMaster Universities Arthritis Index (WOMAC) score and McGill Pain Questionnaire (MPQ) index values over 14 days of supplementation. Based upon these findings, we hypothesized that we could show that CFB has a beneficial effect on knee pain in a larger group of subjects with self-reported knee discomfort, based on self-diagnosis and their own subjective perception of the pain.

Materials and methods
=====================

Materials
---------

CFB was provided and standardized by VDF FutureCeuticals, Inc., Momence, IL, USA. Placebo consisted of silica oxide (Sigma-Aldrich, St Louis, MO, USA) and fructose (Sigma-Aldrich).

### Inclusion criteria

Subjects included in the study were \>35 to \<65 years of age; average, 50 years (standard deviation \[SD\] ±7.95). The average age for subjects in the placebo group was 51 years (SD ±6.67); subjects assigned CFB averaged 49 years of age (SD ±8.94). A Student's *t*-test was performed; the age difference between groups was not significant (*P*=0.16). Subject body mass index (BMI) was \>21 to \<30 kg/m^2^ (average, 26.7; SD ±2.4; *P*=0.55). Subjects' initial MPQ scores were \>35 and \<60 (average, 50; SD ±5.9, *P*=0.13); included subjects reported knee discomfort for more than 4 weeks prior to enrollment in the study. Aside from reported knee discomfort, subjects were generally healthy, with no visible evidence of having respiratory or other infections, nondiabetic, and free of allergies to dietary products.

### Exclusion criteria

Subjects \<35 or \>65 years were excluded from the study, as were subjects with a BMI \<21 or \>30 and those who were pregnant, nursing, or planning to get pregnant. Also excluded from the study were subjects currently enrolled in another study, subjects with cardiovascular diseases or any knee injury, and subjects taking NSAIDs or other medications for pain, supplements, or vitamin D 2 weeks prior to the start of this trial.

### Consent

This study was conducted according to the guidelines put forth in the Declaration of Helsinki. All procedures involving human subjects were approved by the Institutional Review Board at Vita Clinical S.A. Avenida Circunvalacion Norte \#135, Guadalajara, JAL, Mexico 44270 (IRB Number: ABC-NCI-13-08-FRXB). All study subjects were generally healthy and affirmed that they had not used any type of medication or supplement for a period of 15 days prior to the start of the study. This study was performed by NutraClinical Inc. (Irvine, CA, USA), according to a protocol designed by VDF FutureCeuticals, Inc./Applied BioClinical Lab (Irvine, CA, USA). All participants signed an informed consent.

### Study population

Subjects with self-reported joint discomfort were recruited for this study. Subjects were recruited based on the MPQ score. Participants were generally healthy, as self-reported and observed. No medications or supplements of any kind were permitted within 2 weeks prior to or during the study period. Participants were advised to abstain from taking vitamin D, testosterone supplements, and steroid-containing over-the-counter drugs or prescribed medications for 30 days prior to the study period.

Sixty male and female participants aged 35 to 65 years were recruited for the study. Participants were instructed to fast overnight prior to baseline collection of blood sera. On Day 1, baseline medical history and physical examinations were performed, blood was collected, and the MPQ and WOMAC questionnaires were administered. Blood samples and WOMAC and MPQ scores were also obtained at Day 7 and Day 14 after treatment. Participants were assigned into two groups of 30 subjects by simple randomization: subjects were separated into two groups by gender, then given a piece of paper marked with either a number 1 or 2. These numbers corresponded to either the placebo or the supplemented group. Each group contained an equal number of males and females, and they received either the test product CFB or a placebo formulation according to treatment assignment. All 60 subjects received test material (placebo or CFB) immediately after blood collection on Day 1. This was considered time point 0, or baseline.

CFB and placebo preparations were provided in identical bottles and in identical capsules. Placebo formulation consisted of 80 mg of fructose and 15 mg of silica oxide per capsule. Active formulation consisted of 110 mg of CFB per capsule. Subjects were instructed to take one capsule with a cup of water, twice per day. All subjects were instructed to take the capsules before breakfast and lunch, at a minimum of 15 minutes prior to eating.

### Western Ontario and McMaster Universities Arthritis Index

The WOMAC is a widely used questionnaire used to assess the physical function of joints.[@b14-cia-9-895] The WOMAC consists of 24 items divided into three subscales, including pain (five items; scores range from 0 to 20), stiffness (two items; scores range from 0 to 8), and functional limitations (17 items; scores range from 0 to 68). Total scores range from 0 (best) to 96 (worst). The WOMAC index was administered at baseline and at 7 and 14 days after treatment.

### McGill Pain Questionnaire

The MPQ is a multidimensional pain questionnaire used to quantify the quality and intensity of pain.[@b15-cia-9-895],[@b16-cia-9-895] The scale contains four subscales consisting of 78 words that participants use to indicate feelings of pain. Seven words are chosen from categories of pain description, pain components, evaluation of pain, and a miscellaneous descriptor category. Each chosen word has an associated numerical value, and total scores range from 0 (no pain) to 78 (severe pain). The MPQ was administered at baseline and at 7 and 14 days after treatment.

The WOMAC score and the MPQ are both reliable assessment tools for measuring function and feelings of discomfort, respectively. There is evidence that both instruments together give better quantification of pain experiences than did the WOMAC alone. Even though there is correlation between these instruments, they cannot be used interchangeably; rather, they complement each other.[@b17-cia-9-895]

### Statistical methods

To address the a priori hypothesis that treatment would improve mean reported discomfort in study subjects with self-reported knee joint discomfort, the primary analysis tested the effect of treatment on the mean 7-day and 14-day change from baseline in WOMAC score and MPQ. A repeated measures analysis of variance[@b18-cia-9-895] was used to estimate treatment effects on within-subject changes in mean WOMAC and MPQ scores over the 7- and 14-day period. Specifically, each score was regressed on an indicator of treatment group, post-treatment day, and the treatment-day interaction. In this case, a test of the coefficients for the treatment-day interaction equaling zero is equivalent to a test of the treatment effect at Day 7 and Day 14. Both the WOMAC and MPQ score were analyzed using this approach.

Results
=======

Demographic characteristics of the study population are presented in [Table 1](#t1-cia-9-895){ref-type="table"}. The average age of the 60 study participants was 49.2 years (SEM ±1.02). The groups were comparable with respect to ethnicity and BMI. All participants completed the study. All recruited subjects experienced knee discomfort at starting point. Baseline WOMAC values ranged from 41.6 to 53.5 and MPQ values ranged from 49.2 to 51.5. There were no significant differences at baseline between placebo and supplemented group in either WOMAC (*P*=0.79) or MPQ (*P*=0.13) scores.

The average WOMAC and MPQ scores by treatment condition at baseline and at 7 and 14 days after treatment are described in [Table 2](#t2-cia-9-895){ref-type="table"}. The average scores of WOMAC and MPQ decreased after 7 and 14 days of supplementation with CFB. Treatment had a significant effect on the WOMAC score over time (F=9.05; *P*\<0.0001). Similarly, CFB had a significant effect on the MPQ score over time (F=7.38; *P*\<0.0001). The effect of CFB was significantly more efficacious than that of placebo. The analysis of effects was based on mean within-subject change from baseline.

[Table 3](#t3-cia-9-895){ref-type="table"} shows the estimated effects of CFB versus placebo at 7 and 14 days. In each case the mean within-subject change from baseline for CFB is compared to the mean within-subject change for the placebo. A negative estimate indicates that treatment was involved in greater reductions in reported knee discomfort. The within-subject change in mean WOMAC score over 14 days was estimated to be 13.73 points lower on CFB when compared to control (estimated effect =−13.73, *P*\<0.0001, 95% confidence interval \[CI\] −19.28 to −8.19). The within-subject change in mean MPQ score over 14 days was estimated to be 8.9 points greater on CFB when compared to control (estimated effect =−8.9, *P*\<0.0001, 95% CI −12.32 to −5.48). CFB had a significant effect on mean within-subject change for MPQ scores at Day 7 (estimated effect =−5.8, *P*=0.009); the estimated effect on WOMAC scores was not significant at Day 7, but there is a positive indication in the trend. Overall the results supported significant activity for CFB in reducing reported discomfort due to joint pain during the 2-week course of the study.

Discussion
==========

CFB is a patented,[@b1-cia-9-895] nature-identical analog of a plant mineral complex commonly found in plants.[@b19-cia-9-895] Previous studies have demonstrated the potential effects of CFB.[@b20-cia-9-895]--[@b24-cia-9-895] CFB has been identified as a potential anti-inflammatory agent with the ability to modulate key markers associated with inflammation-related conditions such as osteoarthritis.[@b2-cia-9-895],[@b5-cia-9-895] CFB performed better than placebo in reducing subject-reported feelings of knee distress and joint discomfort. Participants reported subjectively an improvement in feelings of flexibility, comfort, and quality of life.[@b2-cia-9-895],[@b5-cia-9-895] This prospective randomized trial of CFB was performed to further validate these previous results. However, in the previous pilot study, subjects had been diagnosed with a joint condition.[@b2-cia-9-895] This current study is in agreement with, and extends, the results of our previous report: a larger group of participants was recruited, and the knee discomfort was only self-diagnosed. As in the previous study, subjects were either given a placebo or were supplemented with 108 mg/day CFB for 14 days. The amount of CFB supplemented to the participants was within the daily dietary boron requirements, which should not exceed 10 mg per day.[@b1-cia-9-895],[@b25-cia-9-895]--[@b29-cia-9-895] The results from the current study confirm our previous observations. Both studies showed improvement in discomfort and function over the 2-week study period. None of the subjects reported any adverse effects associated with treatment.

As reported here, 7 days' supplementation with CFB resulted in statistically significant improvement of knee comfort as measured by MPQ. In parallel, reduction of WOMAC index values indicated a strong trend (*P*=0.06) at 7 days. Both results indicate that CFB could improve knee distress as a result of short-term treatment. The exact mechanism of action behind these observed and reported effects is not known at this time and requires further investigation. It has been previously reported that CFB may reduce blood levels of CRP.[@b5-cia-9-895] CRP, fibrinogen, and erythrocyte sedimentation rate are well-documented markers of inflammation.[@b10-cia-9-895] Elevations in blood CRP levels have been reported in patients with symptoms of osteoarthritis, including pain.[@b30-cia-9-895],[@b31-cia-9-895] Consequently, reduction of CRP could be associated to some extent to improvement of knee conditions. In order to evaluate this possibility, we measured blood levels of CRP at Days 1, 7, and 14 in both experimental groups. Collected results indicate that majority of our study subjects did not initially showed blood CRP levels greater than 3 mg/dL, which are considered elevated and indicative of an inflammatory disease. However, a subgroup of the study subjects (30%) had Day 1 baseline levels of CRP \>3. An analysis of blood samples from this subgroup showed a statistically significant reduction of CRP at Day 7 and 14 over Day 1 in the CFB group, but not in the placebo group. These results are not presented here due to the small size of this subgroup population.

The WOMAC score and MPQ index are validated subjective assessment tools for measuring knee discomfort, joint function, and overall well-being of the evaluated subjects. Both tests used together provide more accurate evaluation.[@b17-cia-9-895] The two tests have some similar measure that validate each other, but also have different measures that add to the overall assessment.[@b32-cia-9-895] In this study, the mean WOMAC score and MPQ index demonstrated continued improvement over the short duration of the study when compared to placebo.

Conclusion
==========

This comparative double-blind study has confirmed the effect of CFB, showing significant improvements in knee discomfort and function over a period of 2 weeks. However, the inflammatory markers that are targeted and the mechanism of action are still unknown. A future clinical study would help clarify the above, as well as the effect of the CFB supplementation on a long-term basis.
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###### 

Characteristics of study subjects before treatment (mean ± SEM)

  Treatment   Age (years)   BMI (kg/m^2^)   WOMAC      MPQ
  ----------- ------------- --------------- ---------- -----------
  Placebo     51.4*±*1.2    26.6±0.5        52.7±2.3   51.5±1.09
  CFB         48.5±1.6      26.9±0.4        53.5±2.5   49.2±1.04

**Abbreviations:** BMI, body mass index; CFB, calcium fructoborate; MPQ, McGill Pain Questionnaire; SEM, standard error of the mean; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

###### 

WOMAC and MPQ scores by group at Day 7 and 14 (AVE ± SD)

                    Control (n=30)   CFB (n=30)
  ----------------- ---------------- ---------------------------------------------------------
  **WOMAC score**                    
  Baseline          52.70±12.66      53.57±13.69
  Day 7             44.70±11.79      [\*\*](#tfn3-cia-9-895){ref-type="table-fn"}40.27±11.44
  Day 14            51.03±10.36      [\*](#tfn2-cia-9-895){ref-type="table-fn"}38.17±10.11
  **MPQ score**                      
  Baseline          51.47±5.87       49.17±5.74
  Day 7             47.67±6.98       [\*](#tfn2-cia-9-895){ref-type="table-fn"}39.57±5.79
  Day 14            47.90±5.86       [\*](#tfn2-cia-9-895){ref-type="table-fn"}36.70±5.58

**Notes:**

Significant difference from baseline, *P*\<0.003

*P*=0.06.

**Abbreviations:** AVE, average; CFB, calcium fructoborate; MPQ, McGill Pain Questionnaire; SD, standard deviation; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

###### 

Treatment effects over time as evaluated by WOMAC and MPQ scores

  Treatment day     Estimated effect (95% CI)   *P*-value
  ----------------- --------------------------- -----------
  **WOMAC score**                               
  CFB Day 7         −5.30 (−10.84 to 0.24)      0.0610
  CFB Day 14        −13.73 (−19.28 to −8.19)    \<0.0001
  **MPQ score**                                 
  CFB Day 7         −5.80 (−9.22 to −2.38)      0.0009
  CFB Day 14        −8.90 (−12.32 to −5.48)     \<0.0001

**Abbreviations:** CFB, calcium fructoborate; CI, confidence interval; MPQ, McGill Pain Questionnaire; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
